Evidence suggests that heterotrophic plate count (HPC) bacteria may be hazardous to humans with weakened health. We investigated the pathogenic potential of HPC bacteria from untreated borehole water, consumed by humans, for: their haemolytic properties, the production of extracellular enzymes such as DNase, proteinase, lipase, lecithinase, hyaluronidase and chondroitinase, the effect simulated gastric fluid has on their survival, as well as the bacteria's antibiotic-susceptible profile.
INTRODUCTION
There is evidence that heterotrophic bacteria are dangerous to human health (Edberg & Allen ; Pavlov et al. ) and may contribute to what is generally referred to as acute gastrointestinal illness (AGI), resulting in fever, nausea and diarrhoea and/vomiting (Macler & Merkle ) . Most of the AGI are acute, self-resolving and do not have major consequences to healthy individuals. This is however not the case for immuno-compromised individuals.
Heterotrophic bacteria use organic nutrients as their energy source and are present in water, air, soil and food (Edberg & Allen ) . Heterotrophic plate count (HPC) bacteria are a subset of heterotrophic bacteria and can be isolated in the laboratory by using culture-based methods under a predetermined set of conditions (WHO ).
There is much controversy over the usefulness of HPC bacteria as indicators of microbial water quality (Stelma et al. ; Donskey ) . Previous studies investigated the potentially pathogenic features of HPC isolates (Pavlov et al. ) . The authors of this paper subscribe to the view of Casadevall & Pirofski () that pathogenicity refers to the ability to cause disease mediated by specific virulence factors. A number of studies reported HPC bacteria to have virulent characteristics associated with potential pathogenicity such as haemolysis, secretion of extracellular enzymes According to the World Health Organization (WHO ), about 15% of the global population lives in areas with water stress and 1.1 billion people do not have access to good quality drinking water. In South Africa, 90% of the population had access to piped water in 2011, leaving an estimated 5.4 million people denied potable water in 2015 (Statistics South Africa ). Given the limited availability of treated drinking water, rural communities often use water directly from untreated sources, exposing them to waterborne diseases such as diarrhoea, shigellosis, cholera, salmonellosis and a variety of bacterial, viral, fungal and parasitic infections (Oparaocha et al. ) . One such source of untreated drinking water is boreholes and there is a general misconception among many people that this type of water is safe for human consumption. A section of the population which is particularly susceptible to waterborne diseases includes those with underdeveloped, compromised or weakened immune systems, such as very young children, individuals living with HIV/AIDS, and the elderly (Pavlov et al. ) .
In the study reported here the potential pathogenicity of HPC bacteria isolated from untreated drinking water from boreholes was investigated in a novel way. This was achieved by first using standard methods such as the haemolysin assay (Hoult & Tuxford ) and enzyme production analysis (Janda & Bottone ) . Previous studies showed that HPC bacteria that are αor β-haemolytic and produce two or more extracellular enzymes are potentially pathogenic (Pavlov et al. ) . Second, the effect of HPC bacteria on human intestinal cellsthe HuTu-80 cells acted as a model for the human small intestinewas evaluated. Third, the extent to which HPC isolates with virulence characteristics can withstand the effect of gastric juices was investigated. Mimicking gastric fluids experimentally allows for a closer simulation of conditions within the human body, because these fluids act as an important first line of defence against ingested pathogens, especially when an individual lacks a fully functioning immune system. The South African National Standards (SANS) 241 drinking water specifications stipulate that good quality drinking water should not exceed an HPC bacterial count of 1,000 colony-forming units (CFU)/mL (SANS ). However, the bacterial load corresponding to a count of 1,000 CFU/mL from one water source might be more virulent than those with the same count from a different source. This might lead to the incorrect assumption that if a water sample meets the criterion of 1,000 CFU/mL the water is deemed safe for human consumption.
METHODS

Sampling
Water samples were collected from untreated ground-water sources via boreholes on farms surrounding the town of Potchefstroom in the North West province, South Africa.
The samples were stored at 4 W C until analysed, but not longer than 24 hours. All the experiments were conducted under aseptic conditions to prevent contamination.
Isolation of HPC bacteria
In order to isolate specifically the HPC bacteria in the water, the low nutrient containing R2A agar (Merck, Germany), that is the conventional growth medium for HPCs, was used. The samples were serially diluted (10 À1 to 10 À5 mL) and 100 μL of each diluent was spread plated on the agar ( 
Identification of HPC isolates using molecular methods
The identity of the HPC isolates that were positive for haemolysin as well as two or more other enzymes was determined using molecular methods. Extraction of DNA, polymerase chain reaction, electrophoresis and sequencing were conducted according to Carstens et al. () . The 16S rRNA gene sequences were submitted to GenBank and given National Center for Biotechnology Information accession numbers (KU253259 to KU253268; see Table 1 in Results and discussion).
Cell maintenance
HuTu-80 cells (HTB-40™), obtained from the American Type Culture Collection (Manassas, VA, USA), are adherent cells and had been isolated from the human intestine. They were selected for this study as the small intestine is one of the areas of the body that is exposed directly to imbibed water and where infections could be initiated. They were cultured in Dulbecco's modified Eagle's medium (Sigma, Germany) at 37 W C in a humidified atmosphere and 5% CO 2 as described by Prinsloo et al. () .
Cell viability due to isolate exposure HPC isolates that were already proven to have virulent characteristics by testing positive for haemolysin production and two or more extracellular enzymes were regarded as potentially pathogenic ( %viability ¼ CI of exposed cells CI of unexposed cells × 100
Cytotoxic effects were evaluated based on the time period in which cell viability was significantly decreased (Mann-Whitney, P 0.05). The quicker the isolate caused a significant decrease in cell viability, the more pathogenic it was considered to be as the total effect of the isolate was determined by this method. The HuTu-80 cells were seeded at 80,000 cells/mL and allowed to adhere for 13.5 hr before exposure (Handfield et al. ) . After reaching approximately 90% confluency, the HuTu-80 cells were exposed to 10 μL of nutrient broth containing the different HPC isolates, all of the same density. The cells were exposed in triplicate and incubated 
RESULTS AND DISCUSSION
Haemolysin and enzyme production Ten isolates passed all the tests for virulence characteristics of which four were α-haemolytic and six others were β-haemolytic (Table 1) . When the isolates were investigated for enzyme secretions four isolates were found to produce two enzymes, and six secreted three types of enzymes. The identities of those isolates that produced haemolysin and two or more enzymes are summarised in Table 1 .
Aeromonas spp.
Although these two isolates originated from the same morphological group, they produced two different sets of extracellular enzymes: Aeromonas taiwanensis produced lecithinase and lipase whereas Aeromonas hydrophila secreted DNase, chondroitinase and hyaluronidase (Table 1) . These results (), haemolytic and cytotoxic effects are more severe at 37 W C than at environmental temperatures (À5-25 W C), which underlines the significance of these extracellular enzymes in the pathogenic process. Aeromonas hydrophila is widely distributed in aquatic habitats and can easily adapt to them. The presence of these strains in drinking water is a major health concern. Some cases of gastroenteritis and wound infections during diver training were associated with high numbers of
Aeromonas reported in the Anacostia River in Washington,
DC (Seidler et al. ).
Alcaligenes faecalis sp.
Thangam & Rajkumar () confirmed production of proteinase by Alcaligenes faecalis, which was also true in this study. However, we report here evidence of the products of two additional enzymes: DNase and hyaluronidase ( The Brevibacillus sp. isolated in our study also showed potential pathogenic activity. These were haemolytic activity and production of two extracellular enzymes, proteinase and lecithinase (Table 1) . This corroborates the findings of 
#The number of antibiotic classes the isolate was resistant to, a maximum of 4 classes were tested.
Accession numbers.
Pseudomonas sp.
Pseudomonas aeruginosa is also an opportunistic pathogen and known to cause infections in humans. Kida et al. () ascribed its pathogenic potential to proteinase and haemolysin production. The Pseudomonas sp. of our study produced haemolysin, proteinase and lecithinase (Table 1) , indicating the pathogenic potential of this isolate. Sasikala & Sundararaj () found that all the strains of Pseudomonas they investigated produced haemolysin, as did our strain. They also reported that 81% of the Pseudomonas they isolated, produced proteinase, 77% lipase and 13% lecithinase. The
Pseudomonas isolate in our study did not secrete lipase ( 
Antibiotic resistance profile
When the natural defence mechanisms of the human body are failing, a common course of action is to treat infections with antibiotics. In this part of our study, we investigated whether the HPC isolates identified were resistant or susceptible to antibiotics. The HPC isolates in this study were obtained from aquatic environments where they could have been exposed to unknown substances, possibly contributing to their antibiotic resistance profiles.
The different antibiotic classes against which the isolates were resistant are indicated in Table 1 . Table 2 presents the results of specific antibiotic resistance.
Although the various antibiotics belonging to the same class have the same mechanism of action, the isolates responded inconsistently: ampicillin, amoxillin, cephalothin and vancomycin are all inhibitors of cell wall synthesis;
B. thuringiensis was resistant to ampicillin, amoxillin and cephalothin, but susceptible to vancomycin ( produced, 0.1 was added to the pathogen score. These scores for cytotoxicity ranged from 1.2 (at 0 hr) to 0 (after 24 hr). The score was decreased by increments of 0. 
CONCLUSION
Currently, there is not a single test available to predict the effect HPC bacteria have on human health. However, in this study a series of tests provided answers regarding their potential pathogenicity. A novel pathogen index summarised the virulence degree of each isolate according to its virulent characteristics and indicated the extent to which these organisms have the potential to cause disease in humans.
Although the borehole water in this study is not subjected to water quality control, because they are privately owned and people incorrectly regard water from a borehole as pristine after percolating through layers of soil, sand and rock to be free from any contaminants. When the only water quality guideline that gives information on the HPC condition of the water was applied (1,000 CFUs/mL), only eight of the 16 boreholes exceeded this level (data not shown). However, pathogenic HPCs were isolated from three of the eight boreholes not exceeding the standard guidelines (and a number of boreholes that did exceed the guideline did not have HPCs with virulence characteristics).
Therefore, merely applying a quantity measure of HPCs does not guarantee protection from pathogenic HPCs should humans consume the water.
In a country such as South Africa where 11.2% are living with AIDS (Wakefield ) it would be wise to address current drinking water quality guidelines related to
HPCs. The authors suggest that the following two measures be applied by water utilities: (i) lowering the acceptable CFUs to, for example, 500 CFU/mL and (ii) introduce additional tests for bacterial virulence. A third measure would be for South Africa to continue its infrastructure improvement and supply piped water to the lacking 10% of the population that depend on other water sources.
